Blood samples were taken from the retrobulbar venous plexus or the sublingual vein of male HanIbm:Wist rats to compare clinical pathology parameters between the two sampling techniques. By analogy with a pharmacokinetic study, blood was sampled six times during one day from unfasted animals. After 3 weeks of recovery, blood was taken from fasted animals on a single occasion. In addition, prolactin and corticosterone levels were determined to compare stress-related effects between the two sampling methods. Body weight development and food consumption were similar after single as well as after repeated blood sampling for the two blood sampling techniques. Haemotological evaluation showed a gradual decrease in erythrocyte count, haemoglobin concentration and haematocrit after repeated blood sampling. Repeated withdrawal of blood samples over 24 h corresponding to approximately 22 % of the total blood volume resulted in a decrease in red blood cell parameters by up to 30%. The withdrawal of approximately 10% of the total blood volume was associated with a decrease in these parameters by up to 10% and should not be exceeded for animal welfare reasons and to allow a reliable evaluation of data in a study. Repeated blood sampling was associated with an initial decrease in the number of white blood cells, mainly due to a reduction in lymphocytes; white blood cell counts were slightly increased one day after. The decrease in lymphocytes and the increase in neutrophils after repeated sampling were generally slightly more pronounced in the blood from the retrobulbar plexus than from the sublingual vein. Comparison of serum clinical chemistry data showed significantly higher activities of creatine kinase and aspartate aminotransferase in samples from the retrobulbar plexus. These findings suggest a higher degree of tissue damage with blood sampling from the retrobulbar plexus than from the sublingual vein. Despite a large inter-individual variability, higher mean values of prolactin on each occasion and corticosterone after a single sample in fasted animals indicate a higher stress associated with blood sampling from the retrobulbar plexus.
bulbar venous plexus currently represents the most widely used sampling method. The Joint Working Group of Refinement (BVA/FRAME/RSPCA/UFAW 1993) does not recommend this blood sampling technique because there is a risk of inflicting both primary and secondary tissue damage (Krinke et al. 1988 , Van Herck et al. 1992 , 1998 , Le Net et al. 1994 . In Switzerland, blood sampling from the retrobulbar venous plexus has been restricted by setting a minimal interval of 14 days between two samplings from the same site (Bundesamt fur Veterinarwesen 1995) .
In view of the need to investigate possible adverse effects or monitor exposure levels in animals by repeated blood sampling in toxicity studies, bleeding from the sublingual vein was evaluated in a comparative study with Wistar rats as an alternative to sampling from the retrobulbar venous plexus. In addition, the effects of repeated blood sampling on clinical pathology parameters were investigated in order to recommend the maximum blood amounts to be taken for pharmacokinetic evaluations. For conformity with the Swiss animal welfare regulations, the study design was discussed with the animal welfare officer of the company and approved by the Cantonal Veterinary Office (Kantonales Veterinaramt).
Materials and methods

Animals
A total of 30 male SPF HanIbm:WIST rats (breeder: Biological Research Laboratories Ltd, Fullinsdorf, Switzerland) was used. The rats were 8 weeks old and their body weights ranged from 229-298 g at the start of the study (day 1l.
Animal husbandry
The animals were housed in pairs in type III Macrolon cages with metal grid flooring under optimal hygienic conditions consisting of conventional husbandry with specific hygienic requirements in a controlled environment. The room temperature was 22-23°C and relative humidity 43-52 'Yo. Fluorescent light provided a 12h light (06:30-18:30h) and 12 h dark cycle. The animals had free access to commercial rodent diet (KLIBA32-343-4 rat/mouse maintenance diet from Klingentalmuhle Ltd, Kaiseraugst, Switzerland; Batch No. 67/95) , except for a fasting period of approximately 24h before blood sampling on day 23. Tap water from the local water supply was available from polyethylene water bottles ad libitum. Before first blood sampling, the animals were acclimatized during one week. Cleaning of the animal room and cages was performed once weekly. Cage cleaning was done in the weeks of blood collection one day before sampling, room cleaning after termination of blood sampling during week 1 and one day before blood sampling on day 23.
Clinical observations, body weights and food consumption
The animals were observed daily for abnormal behaviour. Special emphasis was placed on the observation during blood sampling for possible injuries. Body weights of the animals were determined before study start, on days I, 2, 3, 5, 8, 23 and 24 (on sampling days before blood collection), food consumption of the animal pairs for days -I, I, 2, 3-4, 5-7 and 23 using a Mettler balance. All rats were killed on day 24 with exposure to carbon dioxide at an increasing concentration.
Blood sampling method and sample handling
Sampling times were chosen by analogy with a pharmacokinetic study. Sampling started on day 1 at 07:45 h. Blood samples were taken from the retrobulbar venous plexus or the sublingual vein after anaesthesia following inhalation exposure with isoflurane IForene®, Abbot Laboratories S.A., Cham, Switzerland) in an inhalation chamber according to the schedule specified (Table 1) . Puncture of the retrobulbar venous plexus of the right eye at the medial canthus was performed by skilled animal technicians using glass micro-haematocrit tubes. Blood from the sublingual vein was obtained by puncture with a sterile needle (Becton Dickinson Microlance; 0.7 mm x 30 mm) according to the method refined by Zeller et al. (19981. Haematology parameters: Erythrocyte count, haematocrit, haemoglobin, mean corpuscular haemoglobin concentration, mean corpuscular volume, mean corpuscular haemoglobin, percentage of reticulocytes, total leucocyte count, differential leucocyte count, platelet count. Red blood cell parameters and differential leucocyte count were recorded using a Technicon H*1 analyser. Reticulocyte counts were determined with a FACScan. Slide preparation was by the Uni-Smear Spinner Model Coleman 90 (Perkin Elmer). In cases of coagula in blood samples, increased numbers of large unstained cells or of an abnormal cell distribution were detected by the Technicon H*1 analyser, the automated analysis was complemented by microscopic evaluation of the respective blood smear.
Clinical chemistry parameters: Glucose*, total protein*, albumin*, urea, cholesterol, triglycerides, total bilirubin, creatinine, creatine kinase*, aspartate aminotransferase *, alanine aminotransferase, alkaline phosphatase, a-amylase*, lipase*, sodium, potassium, calcium, magnesium, chloride, phosphorus, protein electrophoresis*.
Parameters marked with * were determined on days 1 and 2. All listed parameters were determined on day 23. The data were recorded using a Synchron CX5 analyser. Mahl 
etal.
Endocrinology parameters: Corticosterone and prolactin.
Prolactin levels were determined using a rat-specific radioimmunoassay kit (Amersham). Corticosterone levels were determined using a radioimmunoassay kit (IDS) intended for the measurement of human corticosterone and validated in our laboratory for the measurement of rat corticosterone in plasma samples.
Measurements were performed in a gamma-counter COBRA 5005 (Canberra Packard). All samples were measured in duplicate. Detection limits, intra-assay coefficient of variation and inter-assay precision profiles were determined in each assay.
Statistical analysis
Statistical evaluation of the measured values was performed by repeated measures analysis to take into account the time course of the experimental data. Univariate and multivariate analyses were calculated. retrobulbar plexus bleeding and -29.2% after sublingual vein bleeding). Body weight gain within the normal range was observed from days 3 to 8. The higher food intake and body weight gain from days 23 to 24 was a consequence of fasting before blood sampling.
Haematology
The rats were sampled for haematology five times on day 1 and once on day 2. Consequently, as the time progressed, values for red blood cell parameters such as haematocrit, haemoglobin concentration and erythrocyte count (Figs 1-3) gradually decreased. Mean values of these parameters were lower on day 1 by 4 or 5% for the 2nd sample, 7-9 or 9-10% for the 3rd sample, 10-11 or 14-15% for the 4th sample, 4-12 or 12-19% for the 5th sample and on day 2 by 23 or 28-30% compared with the 1st sample from the retrobulbar plexus and sublingual vein, 
Results
Clinical observations, body weight and food consumption
There were no problems in taking the required amount of blood, with the following exceptions: coagulation prevented sampling of the full amount of blood from the retrobulbar plexus in two animals on day 2. From the sublingual vein, smaller volumes of blood were obtained from two animals at the 4th bleeding on day 1. Due to constricted sublingual veins, no blood sampling was performed in two animals on day 3. One animal died during the 4th anaesthesia on day 1. Small haematomas were evident on the tongue at the site of venepuncture in 5 animals on day 23. Body weight development of the animals was comparable following either sampling method and food intakes were almost identical (data not presented). Following repeated blood sampling, animals lost body weight within one day (-2.0% of initial body weight after retrobulbar plexus bleeding and -2.4 % after sublingual vein bleeding) and consumed less food than on the day before (-26.4% after increases in mean number and percentage of neutrophils (Figs 8 and 9 ) on day 1 were generally slightly more pronounced in the blood from the retrobulbar plexus. This trend was reversed from the 5th to the 6th sample on day 2.
respectively. Increase in reticulocytes (Fig 4) became apparent by day 2 and was similar with both sampling techniques. The univariate repeated measures analysis yielded no statistically significant differences between samples from the sublingual vein and the retrobulbar plexus for the different haematological parameters. A multivariate analysis including all of the measured parameters at once would require a substantial larger sample size. White blood cell counts [ Fig 5) showed an initial decrease for the 2nd, 3rd and 5th sample from the retrobulbar plexus and for the 2nd and 3rd sample from the sublingual vein. This was mainly due to a reduction of lymphocytes (Figs 6 and n For the 6th sample (day 2), mean white blood cell counts were slightly higher than those in the previous samples. The decreases in mean number and percentage of lymphocytes and the groups could be noticed for the total and differential white blood cell counts.
Clinical chemistry
Significantly higher mean values for creatine kinase activity (Fig 12) were evident in the samples collected from the retrobulbar plexus compared with samples from the tongue vein (F = 0.0004). The univariate repeated measure analysis yielded significantly higher mean values of aspartate aminotransferase activity (Fig 13) in samples from the retrobulbar plexus (F = 0.032).
Because of the significant interaction effect between the two blood sampling methods and the time course, the two curves for aspartate aminotransferase activity could not be considered to be parallel. Therefore, a single t-test for each time point was applied and corrected by Bonferronis adjustment: The absolute number and percentage of monocytes (Figs 10 and 11) were marginally higher after sampling from the retrobulbar plexus than from the tongue vein for most time points on day 1. However, no statistically significant differences between the two 
Endocrinology
The Bonferronis procedure was used to make an adjustment for multiple comparison of corticosterone and prolactin values. The two P values for testing equality of the two blood sampling methods had to be multiplied by two, resulting in P = 0.5 for corticosterone and P = 0.001 for prolactin. Consequently, prolactin levels (Fig 16) were statistically significantly higher for samples from the retrobulbar plexus than from the tongue vein. For corticosterone (Fig 17) , there was a ten- 
The 24h value was significantly higher in the sample from retrobulbar plexus (P=O.OOI), for all other time points no statistically significant differences existed. Slightly but significantly higher mean serum glucose concentrations (Fig 14) were evident in the samples from the tongue vein compared with the samples from the retrobulbar plexus (P = 0.002). With both techniques, repeated blood sampling on day 1 was associated with an increase in glucose concentrations. The markedly lower serum glucose values on day 23 compared with days 1 and 2 with both sampling techniques are considered to be a result of fasting before blood sampling. The mean values of amylase activity (Fig 15) showed a decrease from the 1st to the 2nd sample and an increase with the 5th sample dency to higher values with sampling from the retrobulbar plexus on day 23 in fasted animals, which affected approximately onethird of the animals. This difference was, however, not statistically significant due to the high variation in the animals with the retrobulbar sampling.
Discussion
Repeated anaesthesia and blood sampling on the same day resulted in body weight loss and decreased food consumption to a similar extent with both sampling methods. These findings indicate a clear effect of the blood sampling procedure on the general condition of the animals, and one which might affect the outcome of toxicity studies. There was no relevant impairment of body weight development or food consumption after single blood sampling. Haematology data after repeated blood sampling showed a gradual decrease in values for red cell parameters such as erythrocyte count, haemoglobin concentration and haematocrit. Decreases in these parameters by approximately 5% after a 2nd sample or 7-10% after a 3rd sample were considered unlikely to have an impact on toxicity studies. Assuming a total blood volume for the rat of between 6.5% of its body weight for a 300 g animal and 7.0% for a 250g animal (Sato et al. 1985) , the blood volume of approximately 1.8 ml taken during the first three occasions corresponds to approximately 10% of the total blood volume. Six blood samples from the same animal within 24 h, altogether nearly 4 ml, corresponding to approximately 22 % of the total blood volume, resulted in a decrease in red blood cell parameter values of up to 30%. This reduction may affect a study, especially if toxicity is related to red blood cells or the test article binds to erythrocytes. The slightly more pronounced decrease in red blood cell parameters in samples taken from the sublingual vein, especially after repeated bleeding, might be related to some blood loss if compression of the sublingual vein after sampling was not sufficient to stop the bleeding immediately. The similar increase in percentage of reticulocytes in the 6th sample (day 2) with both sampling methods is considered to be an adaptive response to repeated blood sampling. White blood cell parameters revealed an initial decrease in tota11eucocyte counts, mainly due to a reduction in lymphocytes. This decrease in mean number and percentage of lymphocytes associated with an increase in neutrophils was observed with both sampling methods. Although without statistical significance, this was generally slightly more pronounced in samples obtained from the retrobulbar plexus. Similar changes in white blood cells after repeated blood sampling from the sublingual vein have also been reported by Zeller et al. (1998) . Dhabhar et al. (1995) showed that acute stress induces rapid and reversible changes in the distribution of peripheral blood leucocyte subpopulations in the rat, consisting of significant decreases in numbers and percentages of lymphocytes and increases in numbers and percentages of neutrophils. Besides stress-related effects in the present study, mechanical lesions due to blood sampling might also have contributed to these acute changes in white blood cell distribution. The markedly higher values of creatine kinase activity in samples from the retrobulbar plexus than in those from the sublingual vein suggest a more severe degree of tissue damage during sampling from the retrobulbar plexus. Increased values of creatine kinase activity in samples from the retrobulbar plexus in comparison with other sampling sites were also reported by Horton et al. (1986) and Matsuzawa et al. (1993 Matsuzawa et al. ( , 1994 . Creatine kinase activity was markedly higher in samples collected after fasting on day 23 than without fasting on day I, with both sampling methods. According to Matsuzawa and Ishikawa (1993) ,creatine kinase activity may show great variations, caused by factors that operate during animal handling and feeding, sample collection and preparation, and sample storage before assay. Increased activity of aspartate aminotransferase was evident in samples from the retrobulbar plexus on day 2 (6th samplej 24 h) and, which was not statistically significant, on day 23. The aetiology of this finding is unknownj however, a relationship with lesions caused by blood sampling cannot be ruled out. Evaluation of serum glucose concentrations revealed a slight increase from the 1st to the 5th sample with both sampling techniques, which may be related to stress in connection with repeated blood sampling. Armaria et al. (1986) showed that acute stress due to changes in the environment of male rats was associated with slight increases in serum glucose levels, following a similar trend as found with corticosterone. In the present study, mean serum glucose concentrations were slightly, but statistically significantly, higher in the samples from the sublingual vein than from the retrobulbar plexus. Comparison of individual glucose, corticosterone and prolactin concentrations, however, did not indicate a correlation.
Other clinical chemistry parameters showed no significant differences between the two sampling methods. Slight differences in amylase activity between the two sampling techniques showed no consistent trend, and there was a high variation in individual values.
For comparison of stress-related effects with the two sampling techniques, plasma prolactin and corticosterone levels were determined in samples several times from unfasted animals and on one occasion from fasted animals. Krulich et al. (1974) reported that a variety of hormone levels are responsive to stress in the rat, with prolactin concentrations being the most susceptible. Conybeare et ai. (1988) measured prolactin levels which appeared to be lower in blood samples obtained by tail vein puncture without anaesthesia than in blood samples from the retrobulbar plexus under both halothane and ether anaesthesia. In view of 359 the effect of additional stress due to anaesthesia on prolactin levels, as demonstrated by Wiersma and Kastelijn (1985) ,comparison between these data is considered to be dubious. Corticosterone levels have been found to be increased in rats as a result of stress after handling IDobrakovova et al. 1993),restraint (Vallee et al. 1996) and changes in the environment (Armario et al. 1986 ). Haemisch et al. (1999) showed that corticosterone levels in blood samples collected from the tail vein rose in response to the 1st sample and returned to baseline values in successive samples. In the present study, there was a high inter-individual variation in the endocrinology data. This is not surprising, as the measured stress parameters prolactin and corticosterone are affected by many factors such as handling of the animal, length and depth of anaesthesia and the blood collection procedure itself, in addition to the individual condition of the animal,. Therefore, it is impossible to ensure comparable conditions for all animals.
Despite these insufficiencies, mean prolactin levels were significantly higher in samples obtained from the retrobulbar plexus than in those from the sublingual vein and suggest a higher acute stress associated with blood withdrawal from the retrobulbar plexus. There was no statistically significant difference in mean corticosterone levels, although increased values were measured in samples from the retrobulbar plexus taken on day 23. In general, mean hormone levels in samples from the retrobulbar plexus of fasted animals (day 23) were higher than those of unfasted animals (days 1,2 and 3L whereas the hormone levels in samples from the sublingual vein remained in the same range for fasted and unfasted animals. This finding suggests that fasting may increase certain forms of stress. This is in accordance with the observation of Kiss et al. (1994) that food deprivation potentiates the increase in plasma corticosterone levels in rats subjected to immobilization stress.
Conclusions
Blood sampling from the retrobulbar plexus and from the sublingual vein resulted in similar data, with the exception of a small number of parameters. Differences between the two sampling methods in haematology and clinical chemistry suggest a higher stress associated with the retrobulbar sampling procedure, and this is further supported by endocrinology data. Based on these results, the decision was taken to replace blood sampling from the retrobulbar plexus by bleeding from the sublingual vein in the Toxicology Department of the former Sandoz Pharma AG, Basel (now Novartis Pharma AG). Now} after 3 years of experience with blood sampling from the sublingual vein}it is apparent that this procedure is much easier to learn and to conduct. Furthermore, in contrast to blood sampling from the retrobulbar vein plexus, it ensures a better evaluation of toxicity with respect to eye examinations. Wiersma 
